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(54) AVALANCHE PHOTODIODE AND METHOD OF MANUFACTURING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a reliable mesa avalanche 
photodiode using a novel structure to keep the dark current low. and also to 
provide a method of manufacturing the same. 

SOLUTION: The avalanche photodiode comprises a light absorption layer 
which absorbs light and generates carriers, a multiplier layer which 
multiplies the generated carriers, and an electric field control layer 
interposed between the light absorption layer and the multiplier layer. A first 
mesa including at least part of the multiplier layer and part of the electric 
field control layer is formed on a substrate, and then a second mesa 
including another part of the electric field control layer and the light 
absorption layer is formed on the first mesa. The area of the top part of the 
first mesa is larger than that of the bottom of the second mesa, and a 
semiconductor layer is formed on the face of the top part of the first mesa 
which is not covered by the second mesa and on the side face of the 
second mesa. 
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M/ct^5, */J^SflrjBflE**- 1 9 d Bm^b-2 8 
dBml:*Bl:afSiifc 0 -^*S«#XtT*ote^ 

S:E 1 1 (w^-r o 
[0 0 5 2] 11 1 lZ^ol>T, 4 1 li I n PSi (n 
5 X 1 0 18 c m" 3 ) , 4 2 (± I n A 1 A s 7 
TM (nS, 2xl0 18 cm-\ 0. 7 m m) , 4 311 

1 n A 1 A s <nmmm (nS, 5 X 1 0 14 c m" 3 , 0 . 

2 m m) , 44111 nP ^ffiWBSfiJi (pi, 7X10 
17 cm" 3 , 0. 0 4 Mm) , 4 5 (i I n G a A s <DMR 

mmm (pM. 7xio» 7 cm-\ o. 02^) , 4 

6 fi I n G a A s <D^A^m (p§, 1 X 1 0 l5 c 
m" 3 , 1. 2 Mm) % 47llInGaAsPW^t7/ 
m (pS, 5X10 17 c m" 3 , 1 m m) , 48111 nG 
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a AsOO^V^^ hi (p®. 5XlO l8 cm-\ O. 
1 ii m) X*&>Z> 0 

[0 0 5 3] »-CttJfii-a*S, JbSE#«*:: ft 

Z.^lJ-4 9#fl£fi£$4x5o E) 1 1 (wiott^S 0S(/5 1 

5 l l±S#SSSiS4 4{:M^itt^o 

[0 0 5 4] 5 2liifti4*flt > *9 l ^ * 4 9 <S0ffiffi 
5 0&tWWSffi5 1 CrffM^xS. 

[0 0 5 5] IZ^t53(i, 9 0*MRd«-iaSft 

7f>mwti:J:^M^n5o Hi li;:*J»*fi5 

4St>'5 5ii, y ts awtJifhfliBft^flffi-e*) 

SfiW-eii, **5 3l4R?g-e*>«9, ^t4 9tBifl-e 

[0 0 5 6] ±M<n * y-m<or >iszrL& yy<4ir— 

K^fiiit^ffiSrEIl 2RXfm 1 3«rffll*T!ft9!1-5o S 
1\ II 2a J^^i-J: I n PM4 1 CD_br5lC, 

±E^>«4 2-4 8 tteZ&'&ihm (E§l±f4 2-4 
8<!:Ir]C) £MOVPE (^^S^B^t 0 *^) jfc 

ffil:IS3 5 nm(DS i 0 2 ^^^ 10 2 SrTKfifc Lfc 0 

&&M*m<Dmj$te±m<Dm 42-48 o-tn-eix^sa u 

[0 0 5 7] acid,' _hf££r PSi A s ^-Cl^fcS 
xyfy^Mfflt§*^|:J:l9 , I nG a A s cofcg 
Si4 5^t'x 7 f>n«U EI l 2 bco«ffi<!r L 
di£T% fflE5 0RW«B5lS:fto>t4 9 
^^fiEStt^o ^JSffiS 1 idJgfiB4 4<7?^ffi^^ix-c 

[0 0 5 8] EJLk<DlS-C\ * **fflt(tt0ttJMMM 

fto/c o 

[0059] ^{z, gii2c j; 9 ic, m#>T&&m 

5 2 <tft5 I n P (pi, 1X1 0 l5 c m" 3 ) (Ofe&m 

5 2«r*ft»ssvpEftt**s*fc, ::t*, £M 

5 2(4, > t4 9^)«B5 0SW«B5 1 4«t\ * 
f-4 9CD^JSjffi-C2. 3 2 /x m^ff^KffcRLfco ft 
3b\ ^615 2(1 Fe4: K— tf^^L^^lftfttt^InP 
£MOV P Eft-e^fiS-ltTt J:t> 0 

[0 0 6 0] i^T, SiO 2 v^^i0 2S:Kl, 
113a Iw^J: 9 (w, jfffciw-^;* ^ 1 0 2 £ 9 fcgj&S 
h h-^^^ 1 0 3 £:ff2j55cLf;L 0 /thu^ 

* h^** 1 0 3liiES^4 5 »m % ffiHliiai 2 a (D 
•7^10 2 tf3tl3TR|*j>R-e*>5. 

[0 0 6 1 ] fti:, h^y^V^tefcJ; 9 . Bl 1 

3 bKflWJ:?*;:, mWL4 1 KSSS-C^y^V^L 



3^ffM£4x£ 0 

[0 0 6 2] SSic, El 1 1 (z^i-j: 0 \z % h 

I48^b/t5 3C0*W8ffi5 5i:^ttTRffiK3 3 

(S iN/S iOo, fJO. 1/i m/0. 3 /1 m) £ 
»*tfeo 3^^M4 8Ri;/t5 3^H 

S5 5 (a«4i^araiflB) iw»*Lfc»««3 3«tsb 

»ttl-l»*L, ^^3 1, 32 (TiPtAu, JIJ 
1 . 5 A£ m) Sr^fig L , Sffi 4 1 CQgffi (^49, 5 
3S:«fiKLfcR*t«wffi) tcSttP^±fll3 4 (SiN, 
/¥£0. 12/im) «fltf^Hf: 0 
[0 0 6 3] MfeLti^y^Z&'^TX&WlMLtzk 
l^^mBE (Vb) lj:30V, 0. 9Vbi:iolt5 
BtSSftfi 1 o 0 n At3E»l:fi^ffl[ffcofc 0 ^ 

5^(4 1 0^«PW»c«S-»-6Kv^««ltt*:*i-5wfc 

<Ht60»]4 >@l 4(4. **iq^«t 9^ffiS4x4SffiA 

[0 0 6 41 015 (a) ttftffl Lfc*3Mttf <E>WrffiEI 
-C*> 0 . 2 0 1liInPStg (nl, 2X10 18 c 
m' 3 ) % 2 0 2141 nAI As^<77rl (nl, 2 
7lO I8 cm- 3 , 0.7/im) , 2 0 3{iln A I A s (7) 
m&JS (ni, 57l0 14 cm" 3 , 0.2/im) , 2 32 
filnAl As<7)i^lll (pS, 77lO l7 cm-\ 
0.0 2/zm) , 2 3 3l4InGaAs<7)l#iii (p 
Si, 77 1 0 17 cm" 3 , 0.0 1/im) % 2 3 4 (41 n A 

I A s Ol^ili (pS, 77lO l7 cm- 3 , 0.0 2 
/zm) , 2 0 5(4InG a A s <n%MUM (pi, 27 1 
0 ,5 cm- 3 . 1.2/ira) , 2 0 6 (41 n A I A s <D*c^ 

yym (pa, 27io i8 cm -\ ijum) , 207141 

nGaAs<D^^^^h^ (pi, 5 7 1 0 19 c m"\ 

0.1 /zm) -CfcSo :n?>^m#WMBES 
-eift* L7c 0 12 0 7 ^SffiKEa 3 5// S i 0 2 
-7^^241 SrMlfco 

[0 0 6 5] ±|ESrIn A lAs^nGaAs -CittRtt 
<Dfo%^y^^ymt:&KlCtiim-rZ)Z t\ZX *) In A 

I A s (7)t#lli 2 3 4 ^ fx 7 fy^f/ )o - 

mmvtim—^'^<Dmm2 1 3&t> + ^-^-^co^ 

^®2 1 4 Zfikm^tZtLib, MO V P EfetZX K> I n P 
*»{«S8Mt2 0 8 (7yK-^, 0. Urn) SrMJt 

Bi (b) ^itlfc, ::^wigt, ^^rasis 
J:^^»<ft5 0 

[0 0 6 6] ^(^ % S i 0 2 -^^^ 2 4 1 SrBfc*U *t 
tilz* h Uy^ h^^^ 2 4 2£rEI (c) co^tcjg^i" 
5 0 * h l/y^ h-e^^ 2 4 2 11 IS4 5 m m, 
140 (a) (D-v^Z 2 4 1 ifWJ'k-e&'So 

[0 0 6 7] ^(c v iESr^iy hx 7 fy/sctS 
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m l KSSSt^ty^-^U HI (d) «:lf: a Q| 
2 1 5Ji^$4xfc^-^i^<OffliJffiT-fol9 , 216 

[0 0 6 8] KkiZ. 2 4 2 SrRfeife 

L, 3^#^ H2 0 7^8-^t^ffli2 1 6 1: 

mi-tx&mm o i n/s i o 2 , j?£o. 1 M m/o. 3 

Mm) 2 0 9S:8ILfc fl 

[00 6 9] Ell 4tC^-TJ:9iC, =i>** h 

12 0 7*J«ttJ f IR->-»-C0^JaDB (Sffi^BttJffi) 21 
6l:*f Lfc»»R2 0 98:«»ttl:lft*L, (T 
iPtAu,»Sl.5/im) 210i21 1 Srfl^JGtK 

RftWitW (SiN, J|$0.12/im) 2 1 2 

[0070] T-vytz&s^Tx&wm^tit n 

W1E (Vb) [12 4 V, 0. 9 Vb«-*5ttSBffSSft»i 
5 0nAt'fco/: 0 SSiS?'^ T ^ilSK^ (2 0 0 
<C, 100//A-S) "Cil, 1 0 00«^iE» 
[11VWT, *a^*5«t*«t««E, WmSlfcKRWfc 

<^ffiCT5 >[U 1 611, ^Ci^^i^^aiA 

[0 0 7 1 ] 2 5 1 til n PSffi (a£«S : pi, 
y/M: lX10 l9 cm- 3 ) , 2 5 2liInPW/<7 
7ri (pi, 27 1 0 l8 cm-\ 0.7/ira) , 253 
11 InPWilfil (pi, 57l0i 4 cm-\ 0.2/* 
m) , 2 5 4HInP(^l#lIi (nS, 7 7 1 0 17 c 
m' 3 , 0.0 3 Mm) , 2 5 5fiInG a A s 
f (nS, 77lO l7 cm-\ 0.0 1/zm) , 2 5 6 fl 
InPCOtt^fSft/I (ni, 77l0 l7 cm- 3 > 0.0 1 
Azm) , 2 5 7liInGaAs(7)aiRi (ni, 27 1 
0 l5 crn"\ 1.2 Aim) % 2 5 8 fll n P <D 3r -y v ZfM 

(nl, 27 1018cm" 3 , 1 m) , 2 5 9liInGa 
As^^y^^hi ( n g/ % 27 1 O l8 crrr 3 , 0.1 M 

m) -efc£ 0 :n^^#MiiMovpES« 

SLfc 0 fPJSlgliH 1 5 £BWrc*>6. fc«U s&- 
> i^COfl'Jffi 2 1 3 £S5^U-<7)*W^®2 1 4±C0^In 
P (7yK-^ 0.1/ira) (7)«M82 0 8^ 
ttJDU *W±l:ft)WS2 0 9 (SiN/Si0 2 , f J 
0. 1 u m/0. 3 ax m) 4: = * h/B 2 5 9 rt><bf&— 
^<7>*WSffi2 1 6K8HtTEll 6<D<t 9»wtt#Lfc 0 

[0072] m 1 6 k^i-j: 5 i-, =« * h 

82 5 9*3<t^m— ^i^to^ffi (StE^>KtfcSffi) 2 1 
6iz|6«Ly u c<*fI^2 0 9 4ra5^^^L, (T 
i P t A u , 1 . 5 /z m) 2 6 0 <h 2 6 1 

SttKih^ (S i N, 0. 1 2 /im) 2 6 2£&ig 

[0 0 7 3] ^y^(Zijfr/<-r T^^^DL/h^ & 



KtE (Vb) 112 4 V, 0. 9 V bdifcltSe&mtftll 
50nAt*)ofc 0 iB?aiS6[^<-rr^iffi®K» (2 0 0 
°C, 1 0 0 /i A — ae) "CI1, 1 0 0 0mffl'&<Dmi££W) 
lilVWT, S»(z*5Jt5»««IE, W«SfcfcK*ll1ri 

[0 0 7 4] H16«i-5ttffiAttS!-e*9, ^n<b<o 

Ltz Q f 0 1 W±ffiffl^t^|>y h 3 0 2^ 

>-7^ V^tlSo 3 0 3li^!Jrvr, 3 0 411*^ 
3 0 5li*7r^^T*)5o 

[0075] Hi 8tt*-=ei/3.— yu^ffliaKw 
8E«ia-efcSo *HF4Stfi3 l 0iJf^?i3 l l Sr^tr 
»*S«#4 1 4tfm*<0&mEH6-ehV s 3 12I4»« 
SJtu 3 13liS4StS:/Tto 

<mi&m6>mi 9 (a) 11, *«w*cj:9f^«sn5 
la 1 9 (b) 110 (a) <D®Lm$w>wiffiffi&mx*abz> 0 

[0 0 7 6] 2 7 1ilInP&tg (nR 2xi0 18 c 
m" 3 ) , 2 7 2llln A 1 A s <0'<y 7ri (ni, 2 7 

10 18 cm" 3 , 0.7 /zm) % 2 7 3 III n A I A s CDif 
mm (nS, 57 1 0 14 cm" 3 , 0 . 2 /x m) , 2 7 4(1 
InP^m^fBSS (pi, 77l0 17 cm- 3 , 0.0 3 

A/m) , 2 7 5liInGaAs(7)i#lSi (pi, 7 7 

10 17 cm" 3 , 0.0 1 Aim) % 2 7 6 III n P (DMRWI 
«J1 (pi, 77l0 17 cm" 3 , 0.0 1/zm) , 277 
illn G a A s <D%M)&m (pi, 2 7 1 0 15 c m" 3 , 

1.2 /im) , 2 7 8llln P<7?*-r ^7"/! (pi, 27 

10 18 cm" 3 , 1/zm) , 2 7 9liInGaAs^ny 
9 9 Ym (pi, 57 1 0 19 crrT 3 , 0. 1 u m) Tfc 
5 Q rixb^^^iBiMOVPEitT^L/i: 0 
^^«r«*bfc«, InP (7yK-^ 0.1 /zm) (7) 
^*(ttftaiR2 8 0, *5«tV|ft|»«2 8 1 (S i N/S 

i 0 2 , »S0. 1 Aim/0. 3 /zm) S:tt«Fb, £ h\^m 

*±m&¥-m.i[:-fztiib#})'( u'2 8 2Sr(»awt±^ 

J&I&VtZo £fc, P^i|X^2 7 7T«T-0^i 4 -*SJl4 0 az 
m, ptS2 8 5a)fiSlil0 0/imiU *AW» 
MSffil-liEll 9 (a) <^J: 5 JwSStB&ihffi (S i N, J? 
$0.1 2 Aim) 2 8 6i«|[U e 
[0 0 7 7] T^*R3ADL/ti: w^5>, ^ 

f^m/E (Vb) 112 4 V, 0. 9 VbK:fctt5l*«SfcJi 
SOnAT'fcot i^aifi?^^^ T^il®^^ (2 0 0 

i o o zz a— -en, i o o om^ik(Dm&^m 
iiivj^T, mmz&rtz>mixm.f£, mmmh&mtfik 

^50X^^9, ^^**««-C?i«— -Cfcofc. 

[00 7 8] *ftW<DM1&miz xtitf , ^ iJ-fflJffilci'ig 
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it-f 31 t: 6 * * > * /U/frfi <k 31 y ^ > if\z X otlWI 
Hot, **K<03llfSfflJ(- iotiSttSg^^fy 

[0 0 7 9] **W^HJfig»J(7)*^-H^r^ y T<73 

ISKS:«I*lbi"«wt3ftS-e#5 0 Sot, SB^Scffl^ 

[0 0 8 0] Ml:, **W<a3S*«^*^te, tt*fc 

[00 8 1] 

[Ell] *««l:«S7/<7>">x*h^t-K^ 
[12] w|llS0yiw*3«t6«»SSflC^S: 

[B4] »l^**«o«3t*tt«:RMi-«fcft^xa 

0o 

[SI 5] »r^*16«o«3fi*&«rttW-*"5fcft<oBl4 
irgg<xa0 o 

[El 6] *«w^»io*)60ysriijettM-t-«fc»«>iif 

ffi0 o 

Bio 

[mi ] 



[08] *2<39jtlfc«^Bi6*«fe«:ttWi-*fc*«>xa 

Ho 

[0 9] &2<nnffi.M<omfe%m&W$\1rZ>tLih<nms 

i:i<isa 

[110] t**a>T'<7>->:n* h?V*- KSrlftWi- 
5/^GD|frffi0 o 

[12 1 1] **W^3^||ffiCTS:iftKi-5fc^OWrffi 
0 O 

[012] »3^lltfiffi](7)»ig*ffiS:8ftMi-5fc«><DX 
fM0 o 

iiai3] m 3 <nmMm<Dm^&&i&w-t ztitb<Dm 

1 2tOg£< XfM0 o 

[014] *amnm4 0>mmm*VL9i-ir&izib<Dmm 

0o 

[015] *4^«K«o»JS*i6<:lttWi-6fc*wx 

[016] ttm<Dmsn9iikmt:VLm-i-&itibtoWrm 

0o 

[017] *«M^3t*^3.— /u<73|gagjgtB<DttWEI 0 
[018] **M<o*^^a-/u<D*ffi[iiK<D«i&Bl 0 
[019] **W^*6O|llSWS:»M-rSfc«)<0WfDB 
0 O 

1, 21, 41, 2 0 1-SS, 2, 2 2, 4 2, 2 0 
2-^y7rl, 3, 2 3, 4 3, 2 0 3 --iifflPJB, 
4, 24 — 26, 44, 45, 2 3 2 — 2 3 4 ■■■fl|£MJ8 
g/f. 5, 2 7, 4 6, 2 0 5-*BRte«, 6, 2 8, 
4 7, 2 0 6-*ty^ 8, 3 0, 5 2--tl»ii^ 
/f, 2 0 8-***«»Bt, 1 3, 3 5, 4 
IK 1 4, 3 6, 5 0, 2 1 3- -^X^lHfWffi, 15, 
3 7, 5 1, 2 14-$I^t^BI, 16, 38, 5 
4, 2 15-I-^tlffi N 1 7, 3 9, 5 5, 2 1 6 
— JR— >1J-*WSBn, 1 8, 4 0, 5 1 
1. 3 3, 2 0 9-ftM 12, 3 4, 2 12—RSt 
B&ltlR. 1 0 0 — 1 0 3 — 31, 32, 21 
1,21 2-«& 

[06 ] 
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[19 2] 

m 2 



[B3] 




(a) 



[04] 



100 



A<t>0 ff)tp£> 
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S era 
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[Hi 2] 



[0 1 3 J 



(b) 



to) 



12 



1 31 



-4S 

-44 
^43 

^4a 

"41 



I, ,1 



I, 3 



(b) 



^103 




[014] 

K 14 



211,209 




(a) 



Cb) 



Cc) 



(d) 
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{Ell 7] 



[118] 





319] 

a 19 




284 




[Stti 0 ] 13^12^ 1 7 0 (2001. 12. 

1 7) 

[g^fctiEi ] 

[MlE^rgS^l 0 0 6 4 

mm?*®) 

[oo64] sis (a) &{&m Ltz*m&m<DWi&m 

T*fc«9, 2 0Hj:InPSS (nM. 2Xl0 18 c 
m" 3 ) , 2 0 2(1 I n A 1 A s (D^y^rM (nM. 2 



X10 18 cm" 3 , 0.7 M m) . 203(2InAlAsC0 

(nS, 5 2il 0 14 cm" 3 , 0.2/xm) , 2 3 
2(*In A 1 A s (Omftmmm (pi, 7A10 17 cm 
~\ 0.0 2/xm) , 2 3 3liInGaAsOMIIi 
(p^L 7X_10 17 cm" 3 , 0.01/ira) % 2 3 4 (21 
nAl As^i^If (pi, 7X_10 l7 cm-\ 
0.0 2 Mm) , 2 0 5(iln G a A s (D^M^M (p 
2X_10'5 cm -\ 1.2 jim) , 2 0 6(iInAI 
A s(D*r* (pS, 2X_10 18 cm\ In 

m) , 2 0 7liInGaAs(7)3>^^ hi (pS, 5 
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211 0 ,9 cm- 3 , 0. 1 Mm) T*£>£ 0 Zilt><n¥&tt 
£JIK<±MB Effi-CfiggLfCo B2 0 709^ffiC:ig&3 
5 m m<7) S i 0 2 -^ * ^ 2 4 1 £■ Jfcfijc L tz 0 
[*«*IjE2] 

[1fjE»fe«B£] 0 0 7 1 

[0 0 7 1 J 2 5 1 (tin PSS (gtS : =^r -V 

Tjgjg : 1 X 1 0 19 c m" 3 ) , 2 5 2 III n P <7}/< >y 
7r« (pS, 2X_1 0 18 cm" 3 , 0.7//m) % 25 
3 1* In P<Dmi%m (pi, 5X10' 4 cm-\ 0.2 
Mm) , 2 5 4liInP^)tSiSli (nS t 72110 
17 cm"\ 0.0 3/im) , 2 5 5 (II n G a A s <DMR 

(nl, 7 2110 17 cm" 3 , 0.0 1/xm) , 2 
5 6filn P<Dm^mmm InS, 7X1 O l7 cm" 3 , 
0.0 1/xm) % 2 5 7jiInGaAs<D*Mi (n 
2 2110 15 cm" 3 , 1.2 Mm) , 2 5 8 111 nP<7) 
*fiy^l (nE 2 2110 18 cm" 3 , 1 m m) % 2 5 
9{iInGa AsO^y^^ hi ( n §L 22110 18 c 
m -\ 0.1 M m) T*fc5o -ft^^Sffc#/fJRf*M 
ovPEftt'Sftlfco f^HifiliHi 5tH«tfc 
£ Q f:/:U JK— >*^)«ffi2 1 3 
2 14i^InP ir>K-^ O.lMm) 
{fcfSSi2 0 8 SrfMDU -t^±tw|fe»B82 0 9 (SiN 
/S i 0 2 , 0. 1 m m/0. 3 m m) £=*>-^^ hJf 

2 5 9frt>m— *y-<Dftmffi2 1 6l::gMtTigi 6<7)«fc 



[^ffliE3] 

[*BIE*Mfe*B*] 0 0 7 6 

[0076] 2 7 1 filn PSIS (nS, 2 X 1 0 18 c 
m" 3 ) , 2 7 2liInAlAsW/<y7ri (nS, 2 
2110 18 cm' 3 , 0.7 Mm) , 2 7 3liln A I A s W 
*f»S (rig/. 5 2110 14 cm" 3 , 0.2 Mm) % 2 7 
4liln P<DmRffl&S (pi, 7X.1 O l7 cm- 3 , 0. 

0 3 Mm) . 2 7 5(iInGaAs(Oi^Iii (p 
§2, 72110 l7 cm-\ 0.0 1 Mm) % 2 7 6 III n P 
<DmRM&m (pS, 7 2110 17 cm" 3 . 0.0 1m 
m) . 2 7 7liln G a A s (DftMtSLlB (pE 2211 
O l5 cm" 3 , 1.2 Mm) , 2 7 8 fil n P <D*r * y 

(pi, 2 2110 18 cm" 3 , lMm) , 2 7 9fiInG 
aAs<D^l/#?bm (pi, 5 2110 19 c m"\ 0. 
lMm) -CfcSo m^C0*«(*:#SJKliMOVP E}£ 

t^f Lfco Lfc«L inP (7yK^, 

o. i Mm) <D^m^mm2 8 o s teJ:tfifilkK2 8 

1 (S i N/S i O z , J?£ 0. 1 m m/0. 3 m m) £r|& 
*U $b^^±ffi^ip±l^i-^7c^^y^ ^ K2 8 
2«r«8|gt±^*j«Ufc. *fc % »IR12 7 7T»W 
^t»§l±4 0/im, ptS2 8 5WfiSlil00/imi 
U 7feA#tfflC0S®tC(j:|211 9 (a) <D£?lzfctttffi± 
S(SiN, J|^0.12^m) 2 8 6&S1 Lfco 



(72)3£0J# ^CAiT filj 

M^nm^^MM^m—T B 280#ifc 

(72)^PJ# »5A 



(72)^pj# «$ 

wa^a 0 sdBf^sf * *w*Bf 

(72)«W# i± »- 

F^— A(#%) 4M118 AA05 AB05 BA01 CA03 CB01 
5F049 MA08 MB07 NA05 NB01 PAH 
QA02 QA15 SS04 SZ12 SZ13 



